Abstract−In recent years, with an increasing number of requests, energy, power and temperature have been important keys in embedded systems, which decrease the lifetime of both CPUs and hard disks. The energy consumption is an important issue in computer systems, particularly real-time embedded systems. The frequency and the Revolutions Per Minute are major factors in the reduction of energy consumption in both processors and hard disk drives. Therefore, the main goal of this paper is to present a scheduling mechanism for a real time periodic task that can save more energy. This mechanism is based on increasing, as much as possible, the execution time of the CPU and/or the Read/Write time of the hard disk without passing the task deadline. This will be done by dynamically changing the CPU frequency and/or the RPM of hard disk. Our experimental results demonstrate that the proposed algorithm manages to lower energy consumption by an average of 25% and to reduce the number of missed tasks by 80%.
I. INTRODUCTION
Nowadays, Dynamic Frequency Scaling (DFS) is one of the widely-used techniques in real time systems to determine the operating frequency of the processor that ensures all real-time restrictions while minimizing the energy consumption. Dynamic Power Management (DPM) is another major technique for energy conservation that is used to reduce power consumption of off-chip devices such as hard disk drives by switching a device from the active to the energy sleep state. During the last decade, much research has been done in order to find an efficient trade-off between energy consumption and performance. Many studies such as [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] have deal with the tasks with only CPU requests, in which they managed to minimize the energy dissipation using available techniques such as DVS or DVFS, by dynamically changing the CPU frequency or voltage. Other researchers such as [15] , employed another technique known as DPM in order to reduce the power consumption of off-chip devices. In addition, each of these studies [12] [13] [14] , introduced a power consumption model of a storage server with regards to Read and Write times. In few other studies such as [10, 11] , DVS & DPM techniques are combined to save more energy consumption. We applied this method in our study. However, due to the importance and extensive use of hard disk as an off-chip device and with the Revolutions Per Minute (RPM) of hard disks in mind, in this article, we presume a task to specifically contain hard disk requests in addition to those of the CPU. Considering both of CPU and hard disk requests and then presenting an optimizing mechanism can help to save more energy.
This will be achieved via dynamically changing the CPU frequency and/or the RPM of hard disk. This decision is, in turn, primarily based upon which of the two aforementioned devices consumes more energy. In this case, if we need to change the CPU execution time, governor sets the ideal frequency according to the available frequency and the remaining time of task. Furthermore, if the hard disk Read/Write(R/W) time needs to be changed, RPM level will be modified according to the remaining time of the task. Thus we have to reach an efficient trade-off between changing the execution time of the CPU and the R/W time of the hard disk according to their energy consumption. An important point that must be considered is that by reducing the frequency of the CPU or the RPM level of the hard disk, the performance ratio is reduced, but in this work, the reduction of performance ratio which is caused by energy consumption optimization is not significant. Due to the fact that our focus is on scheduling a real time task with CPU and hard disk requests and since some articles such as [10] and [11] merely focus on tasks scheduling algorithm without considering how the execution time of CPU and the R/w time of the hard disk should be altered in order to reduce the energy Task with the Aim of Minimizing Energy Consumption 
II. RELATED WORK

A. Techniques for Saving Energy in CPU
In recent years, a significant number of studies have been done in the field of special-purpose systems for scheduling real time tasks, in which DVFS technique was used in order to improve energy or power consumption. Kamga [1] proposed a mechanism for emulating a precise CPU frequency by using the DVFS management in virtualized environments. In [10] the focus is on a scheduling approach towards the sporadic tasks set in the uni-processor system according to DVFS technique. In [5] they presented a DVFS-based algorithm to reduce energy consumption of processors through efficient use of the generated tasks' slack times by an independent scheduler. Laszewski et al. [6] proposed a scheduling algorithm for DVFS-enabled clusters for executing multiple virtual machines in order to reduce power consumption. In [8] they introduced a mechanism for scheduling of real-time tasks on a non-ideal DVS processor with shared resources in order to obtain better energy efficiency.
B. Techniques for Saving Energy in Hard Disk
Many case studies have been done on the reduction of energy consumption of hard disks. In [12] , [13] and [14] they focused on presenting mechanisms for reduction of power and energy consumption of hard disks regardless of them being scheduled for a set of real time tasks. Swaminathan et al. [15] presented the scheduling for a set of hard disk real time tasks with I/O requests based on DPM technique. In this paper we proposed a new algorithm for scheduling a real time periodic task with CPU and hard disk requests, in order to lower energy consumption as much as possible.
Also in Kong et al. [11] they addressed the problem of multi-resource energy minimization for frame-based realtime tasks running on a DVS-capable processor of a discrete set of operational modes with multiple off-chip DPM-capable devices.
III. OPTIMIZING ENERGY CONSUMPTION FOR A PERIODIC REAL TIME TASK WITH CPU AND HARD DISK REQUESTS
A. Phase1: Computing Energy Consumption of CPU and Hard Disk and Comparison of their Respective Values
In this section we will present our new algorithm for computing and comparing hard disk and CPU energy consumption .With the aim of reducing energy consumption, the execution time of the CPU and/or the R/W time of the hard disk up until the deadline will be increased. Based on which of the hard disk or CPU consumes more energy, the execution time of the task changes with one the items below:
 The R/W time of the hard disk increases.  The execution time of the CPU increases.  Both R/W time of the hard disk and CPU execution time increase.
The major parameters of the task are described in Table1.
In Figs.1, 2 and 3 CPU Energy Consumption, HDD Energy Consumption and Decision algorithm are shown, respectively. In the first step of algorithm 1, we have calculated CPU power consumption that is denoted in Eq.
(1). 
Where F, λ and V represent processor's working frequency, the effective capacitance, and processor's working voltage, respectively. In this paper for Intel Pentium M Processor model, the maximum frequency is 1.6 GHz and the minimum frequency is 0.6GHz, so CPU energy consumption is defined as: 
For Eq. (3) [17] we used HP 300GB-6G-SAS 15k rpm-SFF(2.5inch) model of hard disk drive with 2 platters, four levels for RPM and 2.5inch diameter, so hard disk energy consumption that is denoted in Eq. (4).
In Fig.3 at first we compared energy consumption of the hard disk and that of the CPU. If energy consumption of the CPU is greater than that of the hard disk, algorithm 4(First Frequency-Last RPM) will be executed, otherwise algorithm 5(First RPM-Last Frequency) will be executed. 
B. Phase2: Computing the Optimal Execution Time of the Task Based on Obtained Ideal Frequency and RPM
In this section, the second phase of our proposed algorithm will be described. In this phase after determining which of the two (CPU or hard disk) consumes more energy, based on the above algorithms, either FF-LR algorithm or FR-LF algorithm in Figs. 4 and 5 will be selected.
B.I. Energy Consumption of CPU is More than that of the Hard Disk
In Fig.4 first, the frequency of the CPU is set to minimum and the RPM of the hard disk is set to maximum, in other words, the CPU performs with minimum frequency, which causes the execution time of CPU to increase and the hard disk performs with maximum level of RPM, which causes an decrease of the R/W time of the hard disk. Then the execution time of the CPU and the R/W time of the hard disk are calculated with these new amounts according to Eq. (6) and Eq. (9) [16] . If the sum of the execution time of the CPU and the R/W time of the hard disk is less than D t -R t (task is not missed), it means in addition to prolonging the execution time of the CPU, maybe we can also prolong the R/W time of the hard disk, so the remaining time will be calculated from Eq. (5).
RE t = D t -(E t cpu +RW t HDD )
Based on the sum of the RE t from Eq. (5) 
Then this new RPM will be compared with the levels of RPM and the first RPM level that is greater than the calculated RPM will be considered as the desired RPM value. Finally the new R/W time of the hard disk will be calculated with this RPM.
If the sum of the execution time of the CPU and the R/W time of the hard disk is more than D t -R t (missed task), the extended period of time will be calculated from the deadline that is defined as:
The execution time of the CPU when frequency is minimum will be calculated from Eq. (9).
F cpu (9) Where N and CPI represent the total number of instructions and Clock cycle Per Instruction, respectively. calculated by the current execution time of the CPU, the minimum frequency and the current frequency. According to calculated E t cpu and EX t , the ideal CPU frequency will be obtained (Higher frequency) which is defined as follows:
F min-cpu ×E t cpu E t cpu -EX t (10) If this obtained frequency is more than the maximum CPU frequency, the maximum frequency will be selected as ideal. Consequently the new execution time of the CPU is calculated from Eq. (9) according to the new frequency. Finally according to these obtained execution time of the CPU and R/W time of the hard disk, the new execution time of the task will be calculated. In Fig.5 first the RPM of the hard disk is set to minimum and the frequency of the CPU is set to maximum. Then the execution time of the CPU and the R/W time of the hard disk are calculated with these new amounts according to Eq. (6) and Eq. (9) . If the sum of the execution time of the CPU and the R/W time of the hard disk is less than the D t -R t (task does not miss), it means in addition to the prolongation of the R/W time of the hard disk, we can also prolong the execution time of the CPU, so this remaining time will be calculated form Eq. (5).
B.II. Energy Consumption of Hard Disk is more than that of the CPU
According to calculated E t cpu and RE t , the ideal CPU frequency will be obtained (lower frequency) which is defined as follows:
F max-cpu ×E t cpu E t cpu +RE t (11) If this obtained frequency is less than minimum CPU frequency, minimum frequency will be selected. Finally the new execution time of the CPU will be calculated according to the new frequency.
If the sum of the execution time of the CPU and the R/W time of the hard disk is more than D t -R t (missed task), the extended period of time will be calculated from the deadline according to Eq. (8) . Then based on subtraction of the RW t HDD from the EX t , the new R/W time of the hard disk is calculated. According to the Eq. (6) and the new R/W time of the hard disk, the rotational delay time will be calculated. The desired RPM will be obtained from Eq. (7).
As a result, the new R/W time of the hard disk will be calculated according to the ideal RPM level. Finally, according to obtained execution time of the CPU and R/W time of the hard disk, the new execution time of the task will be calculated.
If the task is not initially missed, after applying our algorithms, we will have a task with an execution time which approaches the deadline, therefore the energy consumption of CPU and/or hard disk is reduced as much as possible, otherwise the execution time of the task is decreased until the deadline.
IV. PERFORMANCE EVALUATION
This section presents the results of our proposed algorithm. Table2 summarizes the specifications of CPU and hard disk that are used in our simulation. We used Matlab software for evaluating our proposed algorithm. 50 tasks were randomly generated of which 10% were initially missed. Fig.6 shows the average execution time of the tasks prior and subsequent applying our algorithm. After applying the algorithm, the average execution time of the tasks increases )because most of them were not initially missed(. This algorithm could extend the execution time of the CPU and/or the R/W time of the hard disk up until the deadline. Therefore the energy consumption is reduced by about 25%, which is very significant (Fig.7) . Also the execution time of each separate task can be seen in Fig.8 prior and 9 shows the number of tasks that are missed prior and subsequent to the algorithm execution in which the number of the missing tasks is reduced by 80%. The amount of RPMs of the hard disk and frequencies of the CPU are shown in Fig.10 . As shown in Fig.10. (a) and Fig.10. (b) the frequency of the CPU and the RPM of the hard disk in most of the tasks reduced to a minimum, respectively. Their respective average values before and after applying our algorithm are also shown in Fig.11 . In this figure a reduction in the values of the CPU frequency and the RPM of the hard disk can be observed after running the algorithm. In this paper we have presented a novel scheduling algorithm in order to reduce energy consumption in a real time periodic task with CPU and hard disk requests. To achieve this goal, the execution time of the CPU and/or the R/W time of the hard disk must be changed according to the remaining time and consumed energy. In the future study we intend to propose a new algorithm with the aim of minimizing energy consumption with a minimal performance reduction in multitask-multicore processes.
